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http://dx.doi.org/10.1016/j.jmb.2012.10.013Mitochondria fulfill various important functions in the
cell including energy production and many metabolic
pathways. In order to carry out this plethora of tasks,
mitochondria rely onwell-regulatedprotein biogenesis
and protein homeostasis. Protein biogenesis involves
the import of more than 99% of the organelle proteins,
which are translated on cytosolic ribosomes. Several
protein machines catalyze import and sorting of these
precursor proteins into the different subcom-
partments.1,2 Subsequently, the imported proteins
have to fold into their native conformation via a
process that requires molecular chaperones. Proper
folding is crucial for protein function and allows the
assembly of the precursors into protein complexes. In
particular, under environmental stress conditions, the
process of protein biogenesis produces a significant
amount of mislocalized, unfolded and unassembled
proteins, which have the tendency to form aggregates
and can be deleterious for mitochondrial function and
cell survival. To prevent this threatening scenario,
mitochondria are equipped with proteases that
remove misfolded proteins.3–5 Malfunction of these
protein quality control components can cause severe
neurodegenerative diseases revealing the central
importance of protein homeostasis.5 Molecular com-
ponents of the protein quality control have been
identified in each mitochondrial subcompartment.3–5
In the mitochondrial matrix, the AAA (ATPase
associated with diverse cellular activities) proteases
Pim1 (proteolysis in mitochondria)/Lon and ClpXP
(caseinolytic protease) remove misfolded proteins.
Two AAA proteases of the quality control system
localize to the inner membrane. In yeast, Yta10 (yeast
tat-binding analog) and Yta12 build up the m-AAA
protease, which faces the matrix side of the mem-
brane. In contrast, the i-AAA protease is exposed to
the intermembrane space and forms a homooligo-
meric complex consisting of Yme1 (yeast mitochon-
drial escape). Both proteases have a similar set of
membrane-bound or membrane-associated sub-0022-2836/© 2012 Elsevier Ltd.Open access under CC BY-NC-ND license.strate proteins including respiratory chain com-
ponents.3–5 Finally, outer membrane proteins are
under control of the cytosolic proteolytic system
including ubiquitylation and degradation by the
proteasome.3 In contrast, only little is known how
misfolded proteins are removed from the intermem-
brane space. In mammals, Htr2 (high temperature
requirement A2) localizes to the intermembrane
space and shows sequence similarity to the bacterial
proteases DegP and DegS.3–5 However, the role of
Htr2 in mitochondrial protein quality control has not
been clearly defined yet and no homologs of this
protease were found in yeast mitochondria.
In the intermembrane space of yeast mitochon-
dria, 51 proteins that carry out different functions
have been identified.6 The small Tim (translocase of
the inner membrane) proteins are an example of
essential proteins in the intermembrane space.
These chaperone-like components guide hydropho-
bic proteins on their journey to the inner or outer
membrane. Both Tim9/Tim10 and Tim8/Tim13 form
each a hexameric complex that binds to their client
proteins and prevents their aggregation. The small
Tim proteins contain a characteristic cysteine-rich
motif, which is crucial for their biogenesis. Upon
import of small Tim proteins, Mia40 (mitochondrial
intermembrane space import and assembly) recog-
nizes this motif and forms transient disulfide bridges
with the imported protein. Mia40 retrieves electrons
from the substrate protein and thereby catalyzes its
oxidative folding.7 Subsequently, Mia40 is reoxi-
dized by Erv1 (essential for respiration and viability),
which finally transfers the electrons to the cyto-
chrome c of the respiratory chain.7 Mia40, Erv1 and
the substrate protein transiently form a trimeric
complex to allow efficient transfer of electrons.8 In
this way, several intermembrane space proteins are
imported and folded by the MIA pathway. However, it
is not clear what happens to proteins that fail to fold or
assemble correctly. In this issue of Journal ofJ. Mol. Biol. (2012) 424, 225–226
226 Mitochondrial Intermembrane SpaceMolecular Biology, Baker et al. present a study that
addressed this question by analyzing the fate of
cysteinemutants of Tim9 and Tim10 in vivo.9 The four
cysteine residues in the small Tim proteins form two
disulfide bridges that are crucial for folding and
assembly into the chaperone complex. Strains
expressing either a Tim9 or a Tim10 mutant lacking
the inner disulfide bridge show reduced levels of the
Tim9/Tim10 hexamer. In these strains, the content of
the non-mutated partner protein is also reduced,
reflecting that the levels of Tim9 and Tim10 are
intimately linked to each other. Strikingly, Baker and
colleagues found out that, in the absence of the inner
membrane protease Yme1, the steady-state levels of
both the mutated small Tim and its partner protein are
restored. However, the small Tim proteins are not
assembled into the functional hexameric complex.
Similarly, the levels of unassembled small Tim
proteins are also increased in cells expressing a
proteolytically inactive Yme1 mutant. These results
clearly reveal that the protease Yme1 is important to
remove unassembled small Tim chaperones. Thus,
the study by Baker and colleagues provides important
insights into the function of Yme1 in protein quality
control in the mitochondrial intermembrane space.
The role of Yme1 is not limited to the removal of
unassembled small Tim proteins, but Yme1 acts as a
more general protein quality control factor in the
intermembrane space. It has been reported that
Yme1 removes intrinsically unstable Ups1 (unpro-
cessed) and Ups2 proteins that are probably involved
in lipid transfer.10 Moreover, a recent report demon-
strates that, in yeast cells lacking Yme1, aggregation
of a plethora of different proteins occurs in the
intermembrane space.11 Based on this finding, it was
suggested that Yme1 in addition to its protease
activity fulfills a chaperone-like function to keep
intermembrane space localized proteins in a soluble
state.11 Supporting this view, Yme1 exhibits a
chaperone-like activity to facilitate degradation of
client proteins by its protease activity.12 Future work
has to address whether these two activities of Yme1
can occur independently or are linked to each other in
vivo. A similar chaperone-like function has been
assigned to Mia40 as well. Mia40 can bind indepen-
dently of cysteine residues via its hydrophobic groove
to the novel substrate protein Atp23 and prevents its
aggregation in vitro.13 Taken altogether, these recent
findings have changed the picture of the intermem-
brane space as a compartment with a rather limited
set of protein quality control components. Future
work has to address whether other factors besideYme1 contribute to the removal of misfolded proteins
of the mitochondrial intermembrane space.References
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